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AbStract Summary:

The mechanical behavior of tie BFCam Simulator Duter Race frame under
three 1illing puints with 25,000 toal Teud were axtensively discussed,
analyzed ard studied through the manual mathematical ¢omputation and
FEA methed respectively. The results from both aparoaches are cons:stent
each other and welb neet the subject applicable codes.

Applicable Codes:

“allowable Stress Design”, AISC, 97 edition

“aluminum Design manual™, 6th edition, By the Aluminum Associaion.
“Jastencr Staadards” 6% edition, by lrdustrial Fasteners Inshitute”, 1988
“Greel Structures” by C. Salmon & ]. Johnson. 3™ edition

“Below the Hook [.:fting Devices™ ASME BB3U.2U



Structural Analysis aed Calculations for DECam Simulatar Rotator Outer Race
Frame Lifting Uuder Three Lifting Foints

Buckground Brief Introduction:

‘The DTG Tdeseope simulatar is comosec mamly by Rotatar {zomposed by Immer
Race and Oucer Race) and the Telercope. The Simulator Rotator and the [nner and Uppet
cings uf the Telesucre will hift togutber through three (3) Outer Raee liting hugs as

shewing o Figure | The detall mnformaution, contiguration and others af the DECam
Simualator can tiod from the bnk: hiep. des-deadinfival ys piidl v
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Desten Criieric, inrodwctions and Assim finzs:

W e = 15,0000 Ibs (tortal imass weight of the [nnes g wd Loper nng}

W = 20,000 lbs {mass weight of the Inner rac:, uter rave and the olhers)
Seedwyg ME-436983, MD-48007¢.

W, 35000 las tteta] weight nf th= loner rng. Uipper cng and the Rotawor).

where:

Wy 1O Ihs (1cass weighe of the outer ruce), dead Tead.

W, = 25000 Ibs {cembired wi. of the inter ang. vaper fing wd the inner race), live load

Nominal imy. ot the ner race; 2157 (d X 2397 (4 & 12.07

Naminal diom. of the outer race; 2417 (dyi x 2657 (d} x [2.07

Under the cace of throe {3) lifting_points

Simulating the Loading Casc, Define the Boundary Condivon md Find Out the
Genmetrical and Material Properfics:

When fer tings are lifled together by 3 points thraugh e heist nags anub Jitting higs
harizontally as shown from tigure | on page 2, we can Zssune Thal the Outer Race havie
acting sv 4 conrinuous beam cf three (3) equal spans with uniformly distcbuied load. the
Jistibuted Josd is tocal load (he dead Juwd of the outer “ace trame) plus the live lead of
Uic e race frame., inner ong und upper ong) divided by the rirenmiferential longth of
the outer race frams

Such forse distribution is iblustrated in Figure 2 of page 3, where two of the “hree lifting
lugs represcnied by location B and C, the thidd litting h-g represericd by locition A anl
I tgether to become a closed cirde beam.

& o {0 4461 fom A of D)= 000K wiEl

Figure 2, Continuous bgam of three nab spans with uoifornly distestuted lowd.
(Szc case 42 VII-127, “Aluminum Dezign Manual™ £ plition)



whe e
r.= ({2657 1241")2) + 2= 126.50"
Lhe mosn radius of theouer race Qans i 1adial dicceiion,

L wup = l: 1203 f’o:l X2 1 P 264.04%
"The circumitrential length ol frame respec! o 122 degree segoent & meun radius.

w =W, + 3 Ly = 44,04 1bs'in
It is found that the rlax. mement and the max. Shear foree i< st the lifting Juy lecation
(lovation B or O):

My = (000 W Ly = 0400 x 44.04 Ibsvin x 263.94° in°

509,131 1bs -in
Vst = 0.600 3w Liaa =600 x 44,04 Tbsiinx 264.94 in

= 7.001 1bs.
Howevar, we conservatively assumue thut

Ve =W, =3 35000 Jbs+3 11,667 Ibs,

Qince the max. monent and the max. shear {oree bath lecate in the lifting lug location,
let’s get the grometrical property af the lifting lug area.
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Figore 3. Lifting lug arca stuctuw

‘L he configuration details canbe feund from he drawings of ME-4365947. ME-935937
wwl ME-43G905 Lienides the views from figure 3.

The view and detail dimensien from Figure 4 (1) of page 5 is the 1oss SCULLDL Yiew
wh:ch is perpendicular © the major radial plan thiough the centerof the bttmg Jue For
the sake of simple andl eooservative approach, this caleulation has not incluced the valaes

of the center gusser and the reintarcing pads around the lifting Tug.

L= [b(&  d )+ 12 (Sce page 6 19, ASD, 9% oditicni



- 42 {12 = 1050% £ 12’
570375 A )
A =(MTSX 1200 2" = 18 ur

L=(0.5% 1050° 52} : 12 '
96.47 in’ .
Aa=(0.59% 10502 2) in®  10.300n

Where:bh=121n
g 12
d, = 10.50 1n
Co=61n

z.35

n {2}

Tigure 4, The cross sget:on view of the suter race trame cut throush the major radial
plane around the lifting fug area.

e Liat L= (570.3?5 L 05.47) in?
= fbi.443 in’ l

Su: Ixt =C-11L14 1l

A A+ A =285060

Siwila ¢pprviach can find thot

log= LOSHR(LLEST = 10257+t
= 303,57 in"



lye— (078 x 120 x 2) = 12 in'
=216 in’

Ty {oy2= 51657 wt

S, Y22%in’
where Cyy = 3.623 1

Material of the Qutér race frame { See drzwings ME-436M03, ME-336943 and ME.-
36947 ASTM AJG

F, =88 ks,

F, = 3€ ks

Fr.= 06 F,=216ksi (Allowanle bending siress per “ASM™

F.,=04Fy: 144 ksi (Allowahle shear suwess per “ASMT)

Fi: FE.o=F 73=12si (Allowabletensi mand shesr smess per “Relow the Hook

Lsfting Devices™, pizk the lesser value us the final diowable stresses:

F\=F;= L2.0C ksi
E.=F, = 12,00 ksi

To f'nd the working computed stresses subjec) the defined howndeary cundition:

Fi= Moy — S4c 309,131 lbsg —ic = L11.14m"
-2 782 \ai = Fr— L 2.(Kb ksa

F=V,. +A: 11,667 bs+ 2830w
41 kst = F.= 1100 b1

The computed working streices are satisfactory suhjeet ta the applying Joad.

To find the meaimum deflectivn under the boundary condiion of three Bfting lug:

O 0069w Lint 7 EL, (Sex figure 2 of page 3)
= 0060 x 44 B4 Thytin x 744 34 it = 3 x 101° psi x 665845 in’
1.497.223.154 bein” = 2.060535 x 1" Ibs-in”
- 047484 in (setween two Lifing lags)

Welding calcuiarions for the fifing tug:

The configurion and dimensions 2an find from fre liguce 3, tigure 4 and figure 2. There
are -cinforcing plate (8.50" x 5.07x0.3 b and stud (450" dia x 1.757) additional wo the
hase mann plate. treating the welds as a ling, i: is frund that: ( per page 276, table 5.18.1,
purt &, “Steel Structures’ by €. Sslmon & ). lohnea, 37 edition)

The compuied welding gromearic properides of the reinforcing plieie (83574 0.07 0 6.5
d=350"b 6007, t=050"



Ly =2 (8.5<6) 29" length of e welils
La=d (ih—d)i 6

=519.09n"
S;,u =4 (:‘Ihld} 5

= 75.08 in®

The computed welding gcometric properties of the veinforcing stid (4.37 dia. x 1757

r= 225mch, t= 17587
Lex=2mnr ~ 1414 lerpgth of the welds
Lo=ar=3578
Sxx! ar
= 530 0’

The Momant at the velding areafs) valsfert to the applving foad.
(Referta figure 4 of page St

|. The memen: (i he 8.5 x 6.0" x 0,507 reinforcing plide urea:
M 11507 + 1757 (10U} X Vi,
=43,752 Ihe-n
Te monen: {@: the 4,50 dia x 1.75% stud arva:
Moo =LA0TH 1757 % Vi
17918 lbs-in
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Figure 5 The dunensior. of the hifting lne weldment.
the computerd working stresses subjec to the applving lore and the weld sees.



fo1 = Vi £ Ly = 1667 Ths 720 4n
403 Tbhs'in
for = Mg 7 S - 43,732 Ibs-in ¢ 7508 in”
= 583 1bwix

o= (™= 7 ) = {58 + 4037 )"
= 709 lbsiir

€y = vombined working bad per unit length+ {cffcetive Factor ¥ al.owable
Stress of the wald metal)
(709 Wbsin} + {0707 A 21 kni)
={.05in - ¢.31 in {designated weld s:ze inthe arca with considzraticn of
the minimum 3ize requirement of the fllet weld)}
Where: C) 15 the size of the welds for :he ranforzing ectargula plate.

1,3 = Ve f Laa = 11,667 bs 7 14,18 in
= N6 |bsdir
thy = Mg ¢ Seiz = 37918 lbs-in ¢ 15,90 i1°
2345 Ths'in

fir = {fi"+ £27)° - (126" 1 23857)"
= 2.524 Ibsan

(T2 cambined working load per unit length = {eftective facter x alowsble
Stress of he weld metal}
{2,524 1hsiin) = (0.707 « 21 ksi)
=0.47io = .38 in (designated weld s:ze inthe arca with considaration af
the minimura size requirement of the G1let weld).)
Where: C- 15 the size of the welds for dic ranforzing round stud.

The designated weld sizzs are satisfactory subject to the beundary condition.

To compute the pul! out force from he baxe metul whea axiog steadard Aot ring (1%
-0, UNC-28) subject the lifing fug design speeificafion:

There arc two approaches to compute the pull out force P, from the basc metal:

I, Pereq.5.3.2.E-1,sectem £.3.2. 1 part T-A of “Alominum Design Manual™ 6\
«htion,
Par =085 tn D F
=~ 0L x275ux 1.5k S8kt
‘ 203 kip (per (itling lugh = 25 Kip (W1, 4 conservalive ussumptior}
where: tn 1he theead engage length on base metal ¢sec hgares 5. 4 & 5).
D.the nominal dia of the comnectng hnist ring bolt
Fi- The tensile sieength vl the buse medul (ASTR A6}



2 Per A-0, “Fasiener Standards" 6" edition, by Indastrial Fasieners Institute™, 1988
e
=12.0ksi £ =20 L-Dymen[ 120+ 057735 {000 Eanox.]
=[70ksi x xx6 x 275 X LA9i€ o x[ L) 2+ 037735 (L4976 - 1 AN22%iu)
170ksi x T7.63 " x 01384
© = 128,93 kip per lifling lug) = 35 kip (W, 3 conservative assumplion)
wogre!
A Theead stippiny area (shzar area) of the intemal thread
=q 1 Ly Do - 1200 = 37735 (Do B
[ length of the (hread cogagemnent
n: lhreads per inch
D, v Minimum major diameter of the extemal thread
[ mar- Maxiooum pitch diameter of the internal theead.

"The desiznated internal thread (with the base materinl) are satisTactory subject (o
the applying load with 2 different aualysis approaches.

FEA mode! and the Results lor the Quter Race Frame Under Theee Lifting Points:

A FRA nodel also wws buile to simulate the honndary candition of the DECam Rotutos
Quter Rave frame under three (3} point bfting case.

Froure 6 The FES mocel ofthe DECam Owler Race frame ander 3 lifling points case

9



Where the ceoss section cetuils of die actual frame and the FFA {roe ave showing from
figure 7 of page 10. The configuration vf the outer sace frame c1ass sction using, for FEA
model is a sinie and conseTvive sppivacl.

13t
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- "ow -
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Figure 7, Theeross-seut.on o the actua: outer race frame vs. the FEA model Irare.

The FEA modsl frume foo tigure 6 of page ? simulated the geometrics] dimension and
bauadary condition as followmgs:

» {ross scctional dimension ot the circular frame shown on fpuce 7 2.
e Ousid2 dea. of the frame; 254257
» Inside dia. Of the frame: 241 .78
= Heightot the frame: 12.00"
Restraints three I fling pads with simple suppors

the toral weight [frame deml o3 plus the 2Xtemal live Loz applying Lo the wp
pate of the frame) is 35.00% Lbs.

»  Assumed the isotropic stecl material of he puter race frame.

The resu'ts of the simulatng Outer Race frame FEA mele] under thiee lifting points casc
found out that:

Maximum Yon Mises stress: 4735 kst (See ligws &),
fh=f=4.512 kyi<Fp 12.00ks. {scc figure 9)
f.=1,,= 1995 ksi< F.= 12/M0 ksi (see tigure J)

Total rezctivn forves: 35,000 b {See fizure [1)

Maximum deflection: &qaaprs = V0487 (Sce Hgure 8 and Ceure 140)
{ilsu s pas G wlicie the max. deflecion from manual calsulation ix: m,, L0745

10
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Conclusions:

I oot 1o avcuracely investignte and study the structural and medhanucal behavier of the
DECam Simulwior Duter Racz frame under the theee litting Jug case. it is analyred and
calcslated hy twa approaches:

¢ Manua. mathemaiically computaion nicthod.

s Fmite Element Analys.s (FEA) method.

It is also very conservatively ta chuose the suallar value as the “alioweble stress™ from
the nvo asplicable codes respeclivdy.

The comiuted working bending stress and shear seress both are much smzller than the
allowable bending stress and zllowable shoar stress respactively.

The computed masumu deflection beiween twe lsftng Tugs v shonr DO7RA” vs. the
maximum deflection from FEA 5 ahaut{h04566™.

The designatad welling size of the lifting lug is lurger than he compited working
welding s1ze (sec page ¥,

‘The computed threed pull out force feont httug Jug is much Zarger than the zpply:ng load
updec the current boundary condition.

Ter fus end, the design of the DECum Sonulator Rotater Quice Rove fruvme and ik Tiltrys
luys are satistzctory subject the lift:ng condition as it delined from the above.
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